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We studied 10 cutaneous telangiectatic lesions of hereditary 
hemorrhagic telangiectasia (HHT), ranging in size from 
pinpoint to 2 mm, by light and electron microscopy. Four 
representative lesions were reconstructed by computer from 
serial 1- or 2-mm plastic embedded sections. The earliest 
clinically detectable lesion of HHT is a focal dilatation of 
postcapillary venules, which continue to enlarge and eventu-
ally connect with dilated arterioles through capillaries. As the 
vascular lesion increases in size, the capillary segments disap-
pear and a direct arterio-venous communication is formed. 
W e previously reported that common telangiec-tases such as cherry angiomas and angiokera-tomas were highly organized structures rather than being arrays of randomly anastomosing vascular channels [1). In the same study , we 
demonstrated that the telangiectatic mats, diagnostic of sclero-
derma, were formed by dilatation of the postcapillary venules in the 
upper horizontal plexus. In this repo.rt, we. extend our studies by 
analyzing the ultrastructure and 3-dlmenslonal (3-D) configura-
tions of the diagnostic papular telangiectases of hereditary hemor-
rhagic telangiectasia (HHT, Rendu-Osler-Weber disease). We 
chose to study this vascular lesion for two reasons. First, it might 
provide clues to the pathogenesis of both the mucosal lesions and 
the pulmonary arterio-venous malformations in this disorder, and 
second, lesions clinically identical to those found in HHT are 
present in 10% of patients with scleroderma who have cut.aneo~s 
telangiectases [2] . The telangiectases ofHHT and the telangiectatic 
mats and HHT -like lesions of scleroderma also share the same mu-
cosal and cutaneous distribution pattern [2] . The possibility of an 
initial common pathway for the formation of these three types of 
telangiectases with subsequent divergent paths for their final devel-
opment needs to be considered. 
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This entire sequence of morphologic events is associat 
with a perivascular mononuclear cell infiltrate in which the 
majority of cells are lymphocytes and the minority are mOll-
ocytes/macrophages by ultrastructure. Comparison of these 
findings with the telangiectatic mats of scleroderma and 
cherry angiomas revealed that the former, previously sho\\'11 
to be composed of dilated postcapillary venules, are also asso-
ciated with perivascular infiltrates, but the latter, which are 
produced by capillary loop aneurysms, are not. ] In vest Der-
matoI95:422-427,1990 
MATERIALS AND METHODS 
Five patients with the classical findings of HHT, including a . 
tive family history, provided the biopsy specimens for this srudy. 
Five volunteers, four women and one man ranging in age from 
44-76 years, provided 11 specimens ranging in size from pinpoinl 
spots to 2.0-mm-diameter· papules. Five were pinpoint, four w 
approximately 0.5 mm, and two were 1.0-2.0 mm in diarne 
Sites on the wrist, forearm, dorsa of the fingers , shoulder, and n 
were biopsied. In one patient, normal skin adjacent to a lesion" 
also removed for a control. The biopsies were performed in 
usual manner by placing a ring of anesthesia using 1 % lidocain 
w ithout epinephrine around the lesion so that the telangie . 
itself would not be injured by the hypodermic needle. The telan-
giectases were removed with a 3-mm punch, fixed in t stren 
Karnovsky's fixative, and processed for electron microscopy (EM 
using Spurr's resin, as described previously [3J. . . . 
Four lesions representing the spectrum of sIzes blOpsled "\" 
serially sectioned at 1 or 2 /1m. The outlines of the vascular lum 
were traced out in microscope with a Nikon drawing rube on pa 
and aligned for 3-D reconstruction by computer as descri ' 
previously [4J . Each lesion was reconstructed in its entirety. 
other specimens, including the normal skin of an HHT pati 
were examined by. light microscopy in serial sections without com-
puter reconstruction. 
As an additional control, a portion of the upper horizonta} pI . 
and mid-dermal vascular zone was reconstructed from a bIOpsy 
chest skin from a normal healthy 45-year-old man. 
In addition, ultrathin sections were obtained at intervals durin~ 
the serial 1- or 2-/1m sectioning for EM correlation. The elastic an' 
non - elastic-containing terminal arterioles were identified, res~· 
tively, by the presence of an internal elastic lamina and homo", 
neous basement membrane material in the vascular wall of 
form.er and by the presence of homogeneous basement membr.m~ 
material alone in the latter. The capillaries, postcapillary venul ~ 
and venules were identified by the presence of pericytes and m 
tilayered basement membrane material in the vascular wall. Th~ 
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criteria were described in detail in earlier studies [3] and have been 
confirmed by Higgins and Eady [sJ. Both studies also came to the 
conclusion that luminal diameters could not be used as a basis for 
vessel classification in the human dermal microvasculature. A con-
siderable overlap existed between the diameters of the different 
microvascular segments, in part produced by the type of fixation 
used [5], and accurate measurements could not be performed be-
cause the sinuous courses of the dermal vessels produced cross-sec-
tional and tangential profiles rather than the long stretches oflongi-
rudinally sectioned vessels required for accurate measurements [3J. 
The 3-D reconstructions were performed in two ways. In a 2.0-
mm lesion, reconstruction with hidden line removal was carried out 
so that the outlines of the individual serial sections were retain'ed in 
the final image. In the pinpoint to O.s-mm lesions, for the sake of 
clarity , we used the same color to outline the vessel lumen and its 
internal space. For the purpose of publication, we used two different 
gray levels, instead of color, to indicate the microvascular segmental 
comp o sition of the telangiectases. One gray level represented the 
arterioles and the other, the capillary, postcapillary venular, and 
venular segments. In this way th'e telangiectases appeared as struc-
tures made up of solid tubes of two different gray levels-one 
representing arterioles and the other, capillaries and venules. All the 
specimens for computer reconstruction were viewed and traced out 
at the same magnification in microscope. Computer printouts of the 
reconstructions were photographed and final prints were made at 
tne same magnification so that normal and abnormal vessels could 
be directly compared. 
We also reviewed the serial sections of three telangiectatic mats 
from scleroderma and three cherry angiomas from normal individu-
als, w hich we had previously reported [1], for the presence of peri-
vascular mononuclear cell infiltrates. 
These studies were approved by the Human Investigations Com-
mittee at Yale University School of Medicine. 
RESULTS 
One of the pinpoint lesions proved to be an early cherry angioma, 
but the other 10 were lesions of HHT. The sizes of the lesions 
determined clinically (pinpoint and 0.5 mm) underestimated their 
true his tologic lateral extent by six to ten times. 
The normal upper horizontal plexus is shown in Figs la and lb. 
The zone between layers 2 and 3 is occupied by the horizontally 
disposed arterioles and postcapillary venules, from which the capil-
lary loops of the dermal papillae arise (zone 1 to 2). Figure Ib is a 
rotated view of the reconstruction to show the horizontal plexus as 
viewed from the skin surface. The scale bar is identical for all the 
reconstructions shown in this paper. The size of the vessels can be 
directly compared with one another. 
The histologic patterns of the HHT lesions correlated roughly 
with the size of the clinical lesions. Figs 2a and 2b represent the 
findings in a pinpoint lesion. There was a focal dilatation of postcap-
illary venules (V) with normal smaller venules (arrows) connected 
to them. Connecting arterioles were not found, but the arterioles 
present elsewhere in the serial sections were of normal size. Collec-
tions of mononuclear cells were associated with these local vascular 
dilatations (Fig 3). Cellular infiltrates were not found in proximity 
to the n ormal-sized vessels. The EM structure of the dilated postcap-
illary venule is shown in Fig 4. The only abnormal findings were 
the prominent stress fibers (arrow) in the pericytes (P) along their 
adluminal border. 
In a O.S-mm lesion, the walls of the postcapillary venules in the 
upper and lower dermis were thicker because of increased numbers 
of pericytes and an increased luminal diameter. Fig sa,b shows a 
typical intermediate-sized "lesion. The arterioles had become dilated 
but w ere still connected to the enlarged venules through short capil-
lary seg ments (arrows). Figure Sa is a non-rotated vertical view of 
the reconstruction and 5b is a view of the reconstruction rotated on 
the x-axis to show the lesion from the skin surface. A second lesion 
of this size, which was also reconstructed, showed identical features. 
Figure 6a,b shows the 3-D reconstruction of a fully developed 
2-mm lesion. The venular portions were markedly dilated, convo-
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Figure 1. Normal vessels of upper horizontal plexus with ascending arter-
iole (A) and accompanying descending venule (V). E. epidermis. Same scale 
in a and b; bar, 0.5 mm. (a) Capillary 100Rs present in zo~e 1 to 2. ~orizontal 
plexus in zone 2 to 3. (b) ReconstructIOn rotated 70 on x-axIs to show 
horizontal view of upper plexus. Asterisks, tips of capillary loops. 
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Figure 2. Earliest lesion of HHT. Only dilated venules (V) are present. 
Arrows, normal venules that connect with them. E. epidermis; bar, 0.5 mrn. 
Same scale in a and b. (aJ Non-rotated vertical section. (bJ Reconstruction 
rotated 65 · on x-axis to show horizontal view. 
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Figure 3. Perivascular mononuclear cell infiltrate around dilated vessels in 
Fig 2a,Asterisks, major lumens. I-tun plastic section. Magnification X 384. 
luted, and extended through the entire dermis. By EM (Fig 7), the 
venules had 8 - 11 layers of smooth muscle celis, multilayered base-
ment membrane material , scattered individual collagen fibers, and 
an absence of elastic fibers within their walls. Except for the exces-
sive number of layers of smooth muscle cells (normal 4-5), these 
features are characteristic of the 50- 100-,um venules normally 
present in the deep dermis and subcutaneous fat [6]. In the recon-
struction of Fig 6a,b, there were three direct arterio-venular con-
nections without intervening capillary segments in the mid- and 
lower dermis. In five other fully developed lesions there were 2-4 
such connections. Figure 8a shows the light microscopic picture of 
Figure 4. EM of HHT lesion in Fig 2. Dilated postcapj llary venu le with 
prominent stress fibers (arrow), which are not seen in normal vessels. P, 
pericytes; bar, 1 um, 
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the connection between arteriole and venule. The arrow points to 
the elastica of the arteriole, which has made its connection with thf 
venule. Figure 8b is the EM picture of the arteriolar portion show. 
ing the characteristic elastic fibers, homogeneous basement mem-
brane material, and smooth muscle cells, and Fig 8e, the venular 
portion of this connection showing the multilayered basement 
membrane material and peri endothelial contractile cells. Some of 
these mural cells have the ultrastructural features of pericytes and 
others have the features of smooth muscle cells. 
A consistent finding in HHT lesions was the presence of aggre-
gated mononuclear cells around the abnormal vessels. Figure 
shows their presence around the small est lesion and Figure 9 shO\\'S 
them (asterisks) around an arteriolar-venular connection (arrol tl) in a 
fully developed lesion. By EM, the majority of the cells had the fin~ 
structure of lymphocytes and a minority had the appearance of 
monocytes/macrophages. We did not attempt to identity these cells 
further. We did not find such infiltrates around the vessels in th~ 
cherry angioma of one HHT patient. Light microscopic study of th~ 
remaining six lesions ofHHT showed histologic and organizational 
features identical to those demonstrated in the four reconstructed 
lesions. Direct arterio-venular connections were absent in four le-
sions (two pinpoint, two O.S-mm) and present in six (two pinpoint, 
four 0.5 - 2 mm). The number of direct arterio-venular connections 
ranged from two to four in these six lesions. 
Review of three cherry angiomas and three telangiectatic mats of 
scleroderma previously studied (1 J showed that perivascular mono-
nuclear cell infiltrates were absent in the cherry angiomas. In sclero-
derma, the infiltrates were present, but they were smaller and 
sparser than in HHT. By EM, the majority of cells were consistent 
with lymphocytes and the minority were monocytes/macrophages. 
DISCUSSION 
The earliest morphologic ~vent in the pathogenesis of the HID 
lesion appears to be a dilatation of postcapillary venules. As the 
venules increase in size, both in luminal diameter and vascular wall 
thickness, they connect to enlarging arterioles through capillan-
segments. Eventually, these segments disappear, leading to the for-
mation of a direct arterio lar-venular communication. Light-micro-
scopic study of the serial sections from the other six lesions in this 
series, which were not reconstructed by computer, show the same 
histologic pattern. The abrupt disappearance of elastic fibers at the 
arteriolar end of the arteriolar-venular connection in HHT is ide.n-
tical to that observed in the arteriolar feeder of the human digital 
arteriovenous anastomosis at the point where it connects with the 
Suquet-Hoyer channel and its contiguous connecting venule [6]. 
In addition, there was a striking prominence of the stress fibers in 
the pericytes of pinpoint lesions. Stress fibers are not well develop 
in normal postcapillary venules. Because they represent both a cyro-. 
skeletal formation that maintains cell shape as well as a contractile 
mechanism [8J, their development suggests that the pericytes ma ' 
have become hypertrophic in order to sup~ort the wall of an enlarg-
ing postcapillary venule. Clark and Clark 19] have shown that alter-
ations in flow rates within a microvascular bed can change microvas-
cular architecture, e.g. , increased flow can cause capillaries 
become arterioles. This is the likely explanation for the disappear-
ance of the capillary segments in the fully developed lesion ofHHT. 
These studies indicate that the lesion ofHHT begins in a posteap-
i1lary venule of the papillary dermis. With continuing dilatation 
and elongation, the abnormal venules become convoluted and even-
tually occupy the rest of the dermis. The ultrastructure of rhe:."t 
hypertrophic dilated venules is abnormal when compared to ven-
ules normally present at any site in the dermis. We found no ultra-
structural abnormalities in the microvascular cells themselves. 
There was no evidence of endothelial cell necrosis or endothelial 
cell gaps and no abnormalities in pericytes or smooth muscle cells. 
We studied cutaneous lesions rather than mucosal ones beea\lSt' 
they were more accessible and because they provided a spectrum 0 • 
lesions that were not avai lable from mucosal sites. Also, we made 
the assumption that the ultrastructure and organization of the cUt;}-
neous lesions would be identical to those of the mucosal lesions.. 
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Figure 5. HHT les ion, 0.5-mm size. 
Arrows, where dilated arterioles (A) 
connectwithvenules (V) throughcapil-
lary segments. E, epidermis; bar, 
0.5 mrrl. Same scale in a and b. (a) Non-
rotated vertical section. (b) Reconstruc-
tion rot.ated 65 ' on x-ax is. 
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Figure 6. HHT lesion, 2-mm size. Lesion is a convoluted dilated venule. Three arterioles (A) connect directly to dilated venule without interviewing 
tapillary segments. E, epidermis; bar, 0.5 mm. Same scale in a and b. Dotted lille, a straight segment of venule approximately 50-,um long. (a) Non-rorated 
vertical section. (b) Rotation 65.' on x-axis. 
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Figure 7. EM ofHHT lesion in Fig 6. Dilated venule in mid-dermis has 11 
layers of smooth muscle cel ls (M), an abnormal finding in normal skin. L, 
lumen; E, endothelial cell; bar, 1 lllm, 
Evidence in support of this assumption is the work of Ikawa et ai, 
who studied a lesion from the lower lip by EM. Their description in 
abstract form stated that the lesion was composed of vascular ele-
ments that occupied the space from the subpapillary dermis to the 
subcutaneous layer. In addition, the vessels had the ultrastructural 
features of dilated venules whose walls showed a variation in thick-
ness . However, they did not describe arterio-venular connections 
[10]. Menefee et al [11] and Jahnke [12J published brief reports on 
the ultrastructure of HHT lesions involving the tongue and nasal 
mucosa. They described a subepithelial collection of dilated vessels 
having ultrastructural characteristics of post-capillary ven~les. 
Hashimoto et al (13J studied mucosal and cutaneous leSions and 
described dilated vessels with a thin endothelium that exhibited gap 
formation and walls that lacked pericytes or smooth muscle cells. 
Although they categorized these vessels as dilated venules be~ause 
they contained red blood cells, in retrospect the vessels mo.st !tkely 
represented lymphatic capillaries. We made the same ,error 111111ter-
pretation when studying the microvasculature 111 pSOriatIC Sk111 [14]; 
we confused lymphatic capillaries containing red cells with "arterial 
capillaries ." Both studies were carried out in the early 1?7~s, when 
the ultrastructure of the microvasculature was first begmn111g to be 
delineated. 
The reconstruction study by Nodi (15] of a cutaneous lesion by 
li ght microscopy in 1957 is close to our findings in that he recon-
structed a convoluted venular structure, but he interpreted it as 
having a sphincter muscle and an overall linear structur~ with peri-
odic constrictions resembling a "link of sausages . " We did not find a 
sphincter muscle, but in one of the 10 lesions we did observe multi-
ple areas of asymmetric development of the venular wall, where one 
side had only a single layer of pericytes whereas the opposite side 
had 3 - 5 layers of pericytes . 
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Because the cutaneous telangiectatic vessels do not have intrinsic 
morphologic abnormalities that would predispose them to spontane-
ous bleeding, surface irritation or injury to the nasal or gastrointesti-
nal mucosae needs to be considered as a contributing factor to ex-
plain the bleeding from mucosal sites. When bleeding begins, it is 
profuse and continues for prolonged periods because arterioles are 
directly connected to venules without an intervening resistance cir-
cuit, such as capillaries, to slow flow and facilitate coagulation. 
We also noted that there were perivascular lymphocytic infil-
trates around the earliest dilated venules, as well as around the 
arteriovenous communications. They were not seen around the 
cherry angioma found in one HHT patient, nor in any of the three 
cherry angiomas we had previously studied (lJ. The normal skin of 
an affected patient with HHT was also normal in this regard. This 
observation raises the possibility that these cells may playa role in 
Figure 8. Arterio-venular (A- V) communication from Fig 6. (a) Light 
microscope. A, arteriole; v , venule . Arrow points to elastic fibers in arteriole, 
which end abruptly at junction with venule. 1-mm plastic section. Magnifi-
cation X 124. (b) EM of arterio lar side of A- V connection. L, lumen; E. 
endothelial ce ll; M, smooth muscle. A rrows, elastic fibers; bar, 1 j.lm. (c) EM 
of venular side of A- V connection. L, lumen; P, pericyte; bar, 1 j.lm. 
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Figure 9. Arterio-venular communication in HHT lesion, 2-mm size. As-
terisks, perivascular mononuclcar ccll infiltrates. ArrolV, communication be-
tween arteriole (A) and venule (V). EM correlative studies demonstrated the 
fine structure of an elastic containing arteriole at A and a postcapillary venule 
at V. l-,um plastic section. Magnification X 160. 
the angiogenesis of HHT by producing as-yet undetermined fac-
tor(s). 
It is also curious th at the telangiectatic mats of scleroderma occur 
in exactly the same cutaneous and mucosal distribution as the punc-
tate les ions of HHT (2). About 10% of patients with scleroderma 
w ho have telangiectases have vascular lesions clinically indistin-
guishable from those of HHT, but bleeding is extremely rare. (We 
have not found any reports in which HHT lesions have been com-
pared with the HHT -like les ions of scleroderma by EM.) The telan-
giectatic m ats of scleroderma, a diagnostic lesion of that disorder 
that is not found in other diseases, is also caused by a dilatation of the 
postcapillary venules of the upper dermis (1). We reviewed the 
biopsy material that served as the basis for that report and found that 
perivascular infi l trates of lymphocytes and monocyte/macrophage 
were present, but they w ere smaller and more sparsely distributed 
around the dilated postcapillary venules than the lesions ofHHT in 
the present study. This observation raises the possibility that in 10% 
of cases of scleroderma with telangiectases, dilated postcapillary 
venules may undergo further development to form HHT-like le-
sions, while the remaining 90% remain as mats . The stimulus for 
this is not known, but we wonder whether the mononuclear cell 
infiltrate might not playa role. Thus, a search for angiogenic fac-
teres) in epidermis (16) and in inflammatory cells [17,18] becomes a 
point of departure for further studies of the vascular anomaltes 111 
HHT and in scleroderma. 
One of the pinpoint lesions in our series was a cherry angioma. 
These lesions develop in normal individuals with age and this was 
most likely a coincidental finding. However, Fingerland and Janou-
sek described the les ions ofHHT in one patient as being dilatations 
of the vessels in the dermal papillae, some with thromboses and 
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som e without [1 9]. Based on current histopathological knowled ge 
and our studies on cherry angiomas (1], we interpret the photomi-
crograph s of the HHT lesions they described as being those of a 
cherry an giom a. 
The morphologic sequence in the d evelopment of HHT lesions 
that we h ave described in this report may be able to serve as a model 
for the study of th e pulmonary arterio-venous fi stulae that occur in 
this disease. Clearly, the angiogenic factors, whatever their source , 
molecular forms, and pathogenic pathways prove to be, app ear to be 
acting upon postcapillary venular endothelium and not upon arte-
rial or capillary endothelial cells. 
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